
INTRODUCTION

The narrow host range of human immunodefi-
ciency virus type 1 (HIV-1) has been a major im-
pediment for establishing animal models for stud-
ies of viral replication and pathogenesis in vivo (1).
To overcome this difficulty, we have recently gen-
erated an mt HIV-1 designated NL-DT5R (1-3). The
parental clone of NL-DT5R contains a 21- nucleo-
tide simian immunodeficiency virus from rhesus
monkeys (SIVmac) Gag capsid (CA) element, cor-

responding to the HIV-1 cyclophilin A-binding loop,
and the entire vif gene (2). Long- term passage of
the virus in simian HSC-F cells has resulted in the
acquisition of two non-synonymous changes in the
env gene, which did confer an improved replication
potential on the virus. A molecular clone thus ob-
tained from the infected HSC-F cells was named
NL-DT5R (2) and used for subsequent monkey in-
fection experiments as a prototype mt HIV-1 (3).
From the results of these experiments, we have
learned that NL-DT5R virus grew more poorly both
in vitro and in vivo than a standard SIV designated
SIVmac239, which induces the AIDS in monkeys
and is widely used for model studies of HIV-1/
AIDS. As an apparent result of its biological prop-
erty, NL-DT5R was unable to induce AIDS in the
animals (3). Moreover, NL-DT5R is tropic for cells
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expressing the CXCR4 (X4) molecule but not for
CCR5 (R5). It is well known that R5 viruses are clini-
cally more important than X4 viruses (1). Taken to-
gether, new mt HIV-1s with R5 tropism and patho-
genic potential are absolutely required to develop
tractable animal models for AIDS research.

As a first step towards this purpose, we have
generated five new mt HIV-1s by recombinant
DNA techniques in this study. The proviral clones
used here included R5 - tropic NF462 (4), R5 - tropic
YU - 2 (5) and dual - tropic 89.6 (6). The 3’ half of
NL - DT5R genome or a sequence within the env
gene was replaced with the corresponding region of
the other viral clones to obtain biologically distinct
viruses. We demonstrate here that the regions other
than Gag - CA and Vif certainly contain the deter-
minants on accelerated viral growth and severe cy-
topathic effects in simian cells.

MATERIALS AND METHODS

Cells

A human monolayer cell line 293T (7) was main-
tained in Eagles’s minimal essential medium con-
taining 10% heat - inactivated fetal bovine serum. A
simian lymphocytic cell line HSC-F (8) was main-
tained in RPMI-1640 medium containing 10% heat -
inactivated fetal bovine serum.

Transfection

Sub - confluent 293T cells in 90 mm dishes were
transfected with 20 μg of proviral clones in Fig. 1 by
the calcium-phosphate co-precipitation method as
previously reported (9). On day 2 post - transfection,

cell - free culture fluids were prepared for virus sam-
ples for infection experiments (9).

Infection

HSC-F cells (3�106) were infected with an equal
amount of viruses (1 to 2�107 reverse transcrip-
tase (RT) units) prepared from transfected 293T
cells, and monitored for RT production at intervals as
previously described (9). Infected HSC - F cells were
cultured in the presence of recombinant human IL -
2 (50 units/ml) during the observation period.

RT assay

Viral growth property was determined by moni-
toring RT activity of culture supernatants prepared
from infected HSC - F cells. RT assay using 32P -
dTTP has been previously described (10).

DNA constructs

An mt infectious DNA clone of HIV-1 designated
NL-DT5R has been previously described (2). Infec-
tious DNA clones of HIV-1 designated NF462 (4),
YU-2 (5) and 89.6 (6) have been previously de-
scribed. Construction of proviral clones in Fig. 1
were carried out by routinely used recombinant
DNA methods. Appropriate DNA fragments from
NF462, YU-2 and 89.6, generated by digestion with
the restriction enzymes in Fig. 1, were inserted into
NL-DT5R to make new full - length clones.

Amino acid alignments

Amino acid sequences of various HIV-1 proteins
were aligned by the GENETYX system (Version 7).
GenBank accession nos. for NL4 -3, NL -DT5R, SF
162, 89.6 and YU-2 are AF324493, AB266485, M

A
Fig. 1 Genome structure of various
proviral clones used in this study. (A)
Genomes of R5 - and dual - tropic clones
derived from NL -DT5R. The 3’ half of
the NL - DT5R genome was replaced with
those of R5 - tropic NF462 (4) and dual -
tropic 89.6 (6) genomes at the sites indi-
cated. White, grey, dotted and striped ar-
eas represent sequences from NL - DT5R
(2), MA239 (SIVmac239)(13), NF462 and
89.6, respectively. LTR, long terminal re-
peat. (B) Genomes of env variants of NL-
DT5R. Sequence within the env gene en-
compassing the V1-V4 region of NL-DT5R
was substituted with those of 89.6, NF
462 and YU-2 (5) at the sites indicated.
White, grey, striped, dotted and black ar-
eas represent sequences from NL -DT5R,
MA239, 89.6, NF462 and YU-2, respec-
tively. LTR, long terminal repeat.

B
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65024, U39362 and M93258, respectively. NF462
clone carries the SF162 sequence in the backbone
of NL4 - 3 genome (4).

RESULTS AND DISCUSSION

Our previous results have indicated that biologi-
cally significant mutations in the viral genome read-
ily occur after long - term culture of infected cells (1,
2). Many of them were mapped to the env gene (2 ;
our unpublished data). We, therefore, exchanged
the 3’ half of X4 tropic NL-DT5R genome with the
corresponding regions of the other viral genomes
to obtain biologically distinct and better -growing
proviral clones (Fig. 1A). The exchanged sequences
encompassing the env gene came from infectious
molecular clones designated NF462 (4) and 89.6
(6), which are R5 - tropic and dual - tropic, respec-
tively. The replaced regions also contained tat , rev,
vpu , and a part of vpr and nef genes (Fig. 1A).

To examine growth potentials in simian cells of
new viral clones (NL-DT562 and NL-DT589 in
Fig. 1A), they were transfected into 293T cells, and
cell - free virus samples were prepared on day 2 post-
transfection. Viruses obtained were then inoculated
into HSC-F cells, and viral growth was monitored
by RT assay. As shown in Fig. 2, the parental virus
NL-DT5R readily established a spreading infection,
which peaked on day 12 or 15 post - infection. In
contrast, NL-DT562 grew much more poorly than
NL-DT5R, and no virus growth was detected for
NL-DT589. The infection experiments were re-
peated with similar results. Thus, it was clear that
the 3’ genomic region of the viruses harbors de-
terminants on regulation of viral growth rate. We no-
ticed that the slow - growing NL - DT562 is able to in-
duce profound and severe cytopathic effects (mostly
fusion - type) in HSC - F cells. Although NL - DT562
grew poorly, this property is quite evident and
unique between the two growth - competent viruses.

In order to examine whether the growth property
as described above is ascribed to the env gene, we
next constructed three env - substitution variants as
shown in Fig. 1B. In addition to the NF462 and 89.6
clones, another proviral clone YU-2, which is R5 -
tropic, was used to generate a variant. The substi-
tuted env sequence contained the regions of V1, V2,
V3 and V4, which are important for X4/R5 tropism
(V3 in particular). Cell - free virus samples derived
from these proviral clones were prepared as de-
scribed above, and inoculated into HSC-F cells. As

shown in Fig. 3, while NL-DT5R grew best in the
cells as above, all the other viruses did propagate.
NL-DT5R/SKB virus consistently grew better than
NL-DT5R/8KB and NL-DT5R/YKB in HSC-F
cells. The data in Fig. 3 showed that the V1-V4 re-
gion (Fig. 1B) of env gene has in fact some se-
quences(s) controlling viral growth rate. However,
when all the results in Figs. 2 and 3 were taken
into consideration, it was concluded that region(s)
other than V1-V4 affect very much the growth prop-

Fig. 2 Growth kinetics of various clones in simian HSC - F
cells. Input cell - free viral samples were prepared from 293T cells
transfected with the clones indicated, and an equivalent RT units
were inoculated into HSC - F cells. Viral growth was monitored
at intervals by RT activity in the culture supernatants. As a nega-
tive control, pUC19 was used.
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erty of mt HIV-1.
We were interested in evaluating how different

the amino acid sequences of various viral proteins
are among the clones used. Amino acid alignments
were made, and sequences were compared for Tat
and Rev proteins (Fig. 4), for Vpr, Vpu and Nef pro-
teins (Fig. 5) and for Env protein (Fig. 6). As is
clear in the figures, all the proteins compared are
different, to various degrees, with respect to the pri-
mary amino acid sequence. However, sequences
of Tat, Rev, Vpr, Vpu, and Nef are quite conserved,
especially those of functionally important domains
of Tat and Rev (11). In addition, the accessory pro-
teins except for Vif are known to affect relatively
slightly the viral replication in vitro (11 ; our un-
published results). Furthermore, a vpu - minus mu-
tant of SIV/HIV-1 chimeric virus, in fact, grew simi-
larly well with wild - type virus in the HSC-F cells
(12). As for Env, sequences are quite different, the
N-terminal region in particular. More importantly,
mutations in the env gene occurred quite readily

Fig. 4 Amino acid alignments of regulatory proteins Tat and
Rev from NL-DT5R, -DT562 and -DT589. Identical amino acid
residues are boxed.

Fig. 3 Growth kinetics of various env -variants in simian HSC-F
cells. Input cell - free viral samples were prepared from 293T
cells transfected with the clones indicated, and an equivalent
RT units were inoculated into HSC-F cells. Viral growth was
monitored at intervals by RT activity in the culture superna-
tants. As a negative control, pUC19 was used.

Fig. 5 Amino acid alignments of accessory proteins Vpr, Vpu
and Nef from NL-DT5R, -DT562 and -DT589. Identical amino
acid residues are boxed. The sites used to construct NL-DT562
and and NL-DT589 are indicated (see Fig.1).

Fig. 6 Amino acid alignments of a structural protein Env
from NL-DT5R, -DT562, -DT589 and YU-2. Identical amino acid
residues are boxed. The substituted region is underlined (see
Fig.1).
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within cells, conferring augmented replicative prop-
erties on the virus (2, 10).

Taken all together, although it can not be ex-
cluded that some cis - acting elements in the viral
genome may contribute to the growth potential of
viruses, it is not unreasonable to assume that cer-
tain amino acid residues in Env are primarily im-
portant for the growth property of mt HIV-1 in sim-
ian cells. Consistent with this, we have readily found
mutations in the env gene of cell - adapted mt HIV-1s
(our unpublished observations). The identification
of sequences in the env gene (and/or the other
genes) responsible for altered virus growth pheno-
type, and the elucidation of the underlying mecha-
nism need to be carried out.
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